Abstract Bronchoalveolar lavage (BAL) is a major diagnostic tool in lung diseases, including viral respiratory infections. We aimed to better define the situations where viral tests should be performed on BAL fluid (BALF). We retrospectively studied all cases where viral tests [immunofluorescence, immunocytochemistry, viral culture, and/or polymerase chain reaction (PCR)] were performed on BALF during a period of 1 year (2008) in our institution. We compared the characteristics of patients with virus-positive versus virusnegative BALF. Of the 636 BALF samples sent to the microbiology laboratory, 232 underwent viral tests. Of these, 70 (30 %) were positive and identified 85 viruses: herpes simplex virus (HSV)-1 (n027), cytomegalovirus (CMV, n023), Epstein-Barr virus (EBV, n018), human herpesvirus (HHV)-6 (n012), respiratory syncytial virus (RSV, n03), rhinovirus (n01), and adenovirus (n01). The variables associated with positive viral tests on univariate analysis were immunosuppression [human immunodeficiency virus (HIV), corticosteroids >10 mg/day for ≥3 weeks, or other immunosuppressive therapy], ground-glass attenuations on computed tomography (CT) scanning, late-onset ventilator-associated pneumonia (VAP), and durations of (i) hospital stay, (ii) intensive care unit (ICU) stay, and (iii) mechanical ventilation before BAL (p<0.01 for each comparison). On multivariate analysis, only immunosuppression [odds ratio (OR) 6.4, 95 % confidence interval (CI) [2.8-14.3], p<0.0001] and groundglass attenuations (OR 3.7,, p00.0004) remained associated with virus-positive BAL. None of the viral tests performed on BALF for the initial assessment of diffuse infiltrative lung disease (n015) was positive. PCR improved the diagnostic yield of viral tests on BALF by 50 %. Testing for viruses on BALF should be mostly restricted to immunocompromised patients with acute respiratory diseases and/or patients with unexplained ground-glass attenuations on CT scanning.
Introduction
Bronchoalveolar lavage (BAL) is a major diagnostic tool for infectious lung diseases, especially in immunocompromised patients [1] . Viral agents play an important role as etiologies of pneumonia in immunocompetent and immunocompromised hosts [2] [3] [4] [5] , and may be involved in a substantial proportion of asthma and chronic obstructive pulmonary disease (COPD) exacerbations [6] [7] [8] [9] . The development of molecular biology techniques, including polymerase chain reaction (PCR), has dramatically increased the yield of viral tests for various respiratory diseases [2, 4, 5, 8] . However, most studies have been performed in specific settings, with highly selected patients. Hence, the yield of viral tests on BAL fluid (BALF) remains poorly characterized in routine practice. A key dilemma with the development of new tests is the relatively high cost associated with their non-discriminated use. To better inform the use of viral tests in patients with respiratory diseases, we performed an observational, retrospective study in our institution, with three aims: (i) to assess the diagnostic value of viral tests on BALF in routine practice; (ii) to analyze the characteristics of patients with virus-positive BALF; and (iii) to identify the factors predictive of positive viral tests in BALF.
Materials and methods

Patients
Pontchaillou University Hospital is a 1,819-bed tertiary-care hospital which serves as a referral center for the area of Rennes, France. All adults (≥18 years of age) who had viral test(s) performed on BALF during the year 2008 were included. Cases were identified through the computerized database in the virology department. Data were extracted from this database and from the medical records using a standardized questionnaire. The protocol was approved by our institutional review board (Rennes University Hospital Ethics Committee, project approval number 12.10), and informed consent was waived.
Data collection
The data collected included demographic information and co-morbidities. Alcohol abuse was defined as daily consumption >3 units/day for men or >2 units/day for women. Patients were classified as immunocompromised if they were infected with human immunodeficiency virus (HIV), were on systemic corticosteroids ≥10 mg/day for at least 3 weeks [10] , or were on any immunosuppressive drug on admission. Medical charts were checked for the following signs: fever >38°C, cough, purulent sputum, hemoptysis, chest pain, dyspnea, and crackles on chest examination. Radiographic patterns prior to BAL were defined by the type of consolidation (alveolar or interstitial, nodules, micronodules, ground-glass attenuations, bronchiectasis, or excavation). Other data collected included any antimicrobial treatment received during the week preceding BAL, mechanical ventilation, intensive care unit (ICU) admission, and in-hospital mortality.
Bronchoalveolar lavage (BAL)
BAL was performed according to the guidelines [11, 12] , under local anesthetic (lidocaine spray): 30-50 mL of sterile saline solution was instilled 2-4 times into the distal bronchial tree, either at the site where radiographic abnormalities predominated or in the middle lobe in cases with diffuse radiographic pattern. BALF specimens were aliquoted and immediately transported to laboratories. Appropriate staining was carried out for the direct identification of bacteria, mycobacteria, fungi, and parasites. Cultures for bacterial identification were inoculated under standard aerobic conditions on four different media, as well as on specific media for Mycobacterium spp., when indicated. For the usual respiratory pathogens, the bacterial count was considered to be significant when quantitative culture yielded >10 3 CFU/mL of specimen. In addition, tests for atypical pneumonia agents were performed at the request of the physician in charge, on BALF (i.e., PCR, immunofluorescence, specific staining, and culture on appropriate media) and by serology.
Viral tests
The first sample of BALF was used for viral tests, as it is the most likely to contain significant numbers of epithelial cells. The sample was mixed (volume 1:1) with viral transport medium, i.e., minimum essential medium enriched with sorbitol (70 %), bovine serum albumin, streptomycin, vancomycin, colimycin, and amphotericin B. BALF was first analyzed by immunofluorescence (IF) with a panel of monoclonal antibodies against respiratory syncytial virus (RSV), A and B influenza viruses, 1-3 parainfluenza viruses, and adenovirus, as well as herpes simplex viruses (HSV)-1 and -2, in immunocompromised patients. In parallel, BALF was inoculated onto MRC-5 and LLC-MK2 monolayer cells, and also onto MDCK cells during the influenza season. In immunocompromised patients, an immunocytochemistry (ICC) for cytomegalovirus (CMV) was performed. The detection of viral genomes was carried out according to the clinical context and a request from the physician in charge. HSV-1, HSV-2, CMV, varicella zoster virus (VZV), Epstein-Barr virus (EBV), and human herpesvirus (HHV)-6 were detected using a commercial method (Herpes Consensus®, Argène, France). In addition, CMV, HSV-1, HSV-2, EBV, HHV-6, and influenza A and B were detected with in-house PCR, adapted from previously described methods [13] . Neither PCR testing on nasopharyngeal swab/aspirates nor viral serology tests were routinely performed during the study period in our institution.
Statistical analyses
Statistical analyses were performed using SAS Software 9.0 (SAS Institute Inc., Cary, NC, USA). The results are presented as the mean ± standard deviation, with the range in parentheses. We compared the characteristics of patients with viruspositive versus virus-negative BALF using Student's t-test (n≥ 30) or the Mann-Whitney test (n<30) for quantitative variables, and Fisher's exact test for categorical variables. Multiple comparisons were performed using analysis of variance with a Bonferroni post hoc correction. Multivariate analysis was performed using logistic regression models, after adjustment for the duration of stay before BALF. Variables with a p-value < 0.2 in univariate analysis were entered into the multivariate analysis. Values of p<0.05 were regarded as significant.
Results
Patients and procedures
In 2008, 636 BALF samples were sent to the microbiology department in our institution. Of these, viral tests were ordered in 232 BALF, from 212 patients (Fig. 1) . The mean age of the patients was 54.4±15.6 years (range, 19.2-89.8) and the male-to-female ratio was 1.7 (132/80). Symptoms on admission included dyspnea (71.4 %), cough (58.5 %), fever (53.9 %, with a mean body temperature of 38.9±0.6°C (range, 38.1-41.7), purulent sputum (18.3 %), and hemoptysis (4.3 %). Chest radiographic findings included consolidations (61.2 %), nodules (15.1 %), and excavation (3.9 %). Chest computed tomography (CT) scanning, performed in 157 patients, indicated ground-glass attenuations (57.9 %), micronodules (29.3 %), and bronchiectasis (10.8 %). For 108 procedures (50.9 %), BAL was performed in an ICU, including 85 procedures performed under mechanical ventilation. The mean volume of sterile saline serum instilled during the BAL procedure was 90±30 mL (range, .
Microbiology
The use of viral transport medium was adequate for 86 % of samples. Of the 232 BAL investigated for viruses, 70 (30.1 %) identified at least one virus, for a total of 85 viruses (mean, 1.2 viruses per virus-positive BALF). Viral species identified, and the yields of the four techniques used, are detailed in Table 1 . Of note, 94.1 % of viruses were members of the Herpesviridae family. The most frequent virus associations were HSV-1+HHV-6 (n05) and CMV + EBV (n04). One HIV-infected patient with interstitial pneumonia had three herpes viruses identified in the BAL: CMV (ICC), HSV-1 (viral culture), and EBV (PCR). PCR, performed in 149 BALFs, was positive in 47 cases (31.5 %). Of these, PCR was the only test positive for virus in 25 cases, confirmed the diagnosis documented by other techniques in 14 cases (HSV-1, n08; CMV, n05; EBV + CMV, n01) and identified a virus different to that documented by other techniques in eight cases. Had PCR not been used, the diagnostic yield would have been 20 %. Hence, PCR improved the diagnostic yield of viral tests on BALF by 50 %.
Testing for bacteria and mycobacteria was performed in 231 BALFs (99.6 %) and was positive in 103 BALFs (46.4 %). Testing for fungi was performed in 223 BALFs (96.1 %) and was positive in 97 cases (43.5 %), including eight cases of Pneumocystis jirovecii pneumonia (3.6 %). Bacteria and/or fungi were isolated in 47 of the 70 viruspositive BALFs (67 %). In this group, the main non-viral microorganisms isolated from BALFs were Candida sp. (n0 25), Aspergillus sp. (n07), Streptococcus sp. (n07), Staphylococcus sp. (n07), Pseudomonas aeruginosa (n05), Moraxella catarrhalis (n03), Mycobacterium tuberculosis (n03), and Haemophilus influenzae (n03). In addition, three patients Fig. 1 Diagnostic yield of viral tests on bronchoalveolar lavage (BAL). Co-morbidities include chronic heart failure, chronic obstructive pulmonary disease (COPD), hepatic, renal, or neurological disease, cancer, diabetes mellitus, alcohol abuse (daily consumption >3 units/day for men or >2 units/day for women), smoking >10 pack-years, and drug addiction. Patients were classified as immunocompromised if they were infected with human immunodeficiency virus (HIV), were on systemic corticosteroids ≥10 mg/day for at least 3 weeks, or were on any immunosuppressive therapy with virus-positive BALFs were diagnosed with Pneumocystis jirovecii by IF testing.
Factors associated with positive viral tests in BAL
Comparisons between virus-positive and virus-negative BALF are detailed in Table 2 (univariate analysis). The variables significantly associated with positive viral tests on univariate analysis were immunosuppression (i.e., HIV infection, corticosteroids >10 mg/day for ≥3 weeks, and/or other immunosuppressive therapy), ground-glass attenuations on chest CT scans, late-onset ventilator-associated pneumonia (VAP), and durations of (i) hospital stay, (ii) ICU stay, and (iii) mechanical ventilation before BAL was performed (p<0.01 for each comparison). On multivariate analysis, after adjustment for the duration of stay before BAL, only immunosuppression [odds ratio (OR) 6.4, 95 % confidence interval (CI) [2.8-14.3] , p<0.0001) and ground-glass attenuations (OR 3.7, 95 % CI [1.8-7.7] , p00.0004) remained significantly associated with virus-positive BAL.
Retrospective analysis of medical charts allowed us to classify indications for the viral analysis of BALF into eight categories (Table 3) 
Discussion
This observational study evaluated the diagnostic yield of viral tests on BALF when requested by the physician in charge. Of the 232 consecutive BALF tested for viruses, 70 (30 %) were positive. Previous studies have estimated the diagnostic yield of viral tests from BALF in different settings, and the proportion of virus-positive BALF ranged from 14 to 49.5 %, depending on the population studied (e.g., immunocompromised, ICU patients) and the viral techniques used (e.g., PCR, ICC, IF, culture) [2-5, 14, 15] . A broad range of respiratory diseases have been associated with viral infections. Hence, testing for viruses in BALF may be considered in patients with a wide spectrum of clinical and radiological abnormalities [16, 17] . However, our study suggests that viral tests are unlikely to return positive except in two, nonexclusive, situations: (i) immunocompromised patients; (ii) bilateral ground-glass attenuations on CT scan.
In this study, the vast majority of viruses detected belong to the Herpesviridae family, mainly HSV-1 (38.6 % of all [14] . Respiratory viruses were found in only five cases out of the 232 BALF investigated: RSV (n03), rhinovirus (n0 1), and adenovirus (n01), representing only a small proportion (7.1 %) of virus-positive BALF. This low prevalence of respiratory viruses may be related to the sub-optimal selection of cases where these tests were performed in our institution during the study period. In addition, the absence of any influenza diagnostic in BALF may be explained by the low intensity of seasonal flu in France during the study year (2008) and by the preferential use of PCR tests on nasopharyngeal aspirates when the diagnosis of influenza is suspected. Multiple studies performed in the ICU have identified herpes viruses, mainly HSV and CMV, in patients with VAP. HSV-1 has been found in 16-62 % of patients under mechanical ventilation for >5 days (median, 7 days) [18] [19] [20] . Luyt et al. documented an HSV-related cytopathogenic effect, with intra-nuclear inclusions in 20 % of VAP in patients ventilated for a median duration of 14 days [20] . CMV replication was observed in the plasma of onethird of CMV-seropositive patients with VAP after 4-12 days of mechanical ventilation, and lung involvement was documented by CMV-related cyto-pathogenic effect in 5-30 % of patients [21] [22] [23] . All these studies found that HSV and CMV in BALF are associated with increased morbidity and/ or mortality. However, the causal relationship between HSV or CMV in BALF and patient outcomes cannot be ascertained from these observational studies. Among the rapid tests currently available, PCR is one of the most valuable, the results being available within hours with high sensitivity, especially in immunocompromised patients [2] . Multiplex PCR tests, with their ability to detect several viruses in one set, may be particularly interesting in the diagnostic workup of acute respiratory diseases suspected to be of viral origin [24] [25] [26] . In our study, the diagnostic yield of viral tests would have dropped from 30 to 20 %, had PCR tests not been performed. This advocates for the systematic use of PCR techniques for viral tests in BALF, in accordance with previous studies [27, 28] , in the situations where viruses may reasonably be suspected (i.e., acute lower tract respiratory disease in immunocompromised patients and/or patients with unexplained bilateral ground-glass attenuations on CT scan). On the other hand, the initial assessment of immunocompetent patients with interstitial lung disease should not include any viral test on BALF, as previously reported in 40 patients with interstitial fibrosis [29] . During the exacerbation of idiopathic fibrosis, viral tests on BALF may be of higher value, although recent papers have questioned their clinical significance [29, 30] .
This study has limitations related to its retrospective, monocentric, and observational design, as investigations on BALF were not protocolized, and the request for viral testing was left to the discretion of the physician in charge. Firstly, the retrospective review of medical charts identified a significant proportion of patients who were unlikely to suffer from viral infections, and for whom viral tests should not have been performed. In contrast, among patients not included in this study as no viral test was requested, there probably were patients who would have benefited from viral tests on BALF. However, the comparison of the 212 patients who had BALFs tested for viruses in 2008 and a random selection of 40 patients who had BALF samples not tested for viruses during the same year found that the only significant differences were immunodepression (10 % vs. 83 %, p<0.0001) and ground-glass attenuations on CT scan (23 % vs. 74 %, p<0.0001). This suggests that clinicians are aware of the situations most likely to be associated with the presence of viruses, and that they appropriately select the patients in whom viral tests are more likely to return positive. Lastly, PCR was performed in only 149 of 232 BALF investigated for viruses. More systematic use of PCR tests in these patients may have increased the proportion of viruses identified. Secondly, the identification of virus in BALF during the diagnostic workup of a respiratory disease does not systematically imply that the virus is responsible for the disease and that the patient will improve with appropriate antiviral treatment. Despite these limitations, this observational study allowed us to identify categories of respiratory diseases where viral tests are very unlikely to return positive (e.g., initial assessment of immunocompetent patients with interstitial pneumonia or pulmonary micronodules). As a consequence, indications for viral tests in BALF were dramatically reduced for these patients in our institution. In conclusion, testing for viruses on BALF should be mostly restricted to acute lower tract respiratory disease in immunocompromised patients and/or patients with unexplained groundglass attenuations on CT scan, especially when PCR tests are used.
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